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Introduction 


As  part  of  a program  Involving  a theoretical  and  experimental 
study  of  the  buckling  behavior  of  sandwich  cylinders,  this  report 
is  concerned  with  buckling  tests  of  thin  and  thick  walled  sandwich 
cylinders  under  bending  loads*  Tests  were  conducted  on  cylinders 
constructed  with  cores  weak  in  shear  (cellular  cellulose  acetate) 
and  cores  strong  in  shear  (end  grain  balsa)  to  check  the  validity 
of  theoretical  procedures  for  predicting  overall  buckling  and 
wrinkling  of  sandwich  cylinders  under  bending  loads* 


TEST  PROGRAM 


Test  Specimens 

The  large  number  of  variables  which  influence  the  behavior 
of  a composite  element  such  as  sandwich  construction  require  that 
in  a test  program  attention  be  directed  toward  the  significant 
parameters  only,  Thus,  in  order  to  study  the  overall  buckling 
characteristics  of  sandwich  cylinders,  it  is  necessary  that  the 
sandwich  thickness  be  as  small  as  possible*  The  1/8  inch  thick 
sandwich  used  was  considered  to  be  the  minimum  thickness  feasible* 
To  study  the  wrinkling  behavior  of  cylinders  under  bending  loads 
a l/2  inch  thick  sandwich  was  used*  The  nominal  radius  of  6 inches 
which  was  used  for  all  cylinders  was  dictated  by  the  capacity  of 
the  testing  facilities.  To  ensure  uniformity  of  introduction  of 
bending  load,  the  cylinders  tested  were  36  inches  long. 

The  significant  parameter  in  overall  buckling  of  sandwich 
elements  is  the  shear  rigidity  of  the  core  material  whereas  the 
transverse  elastic  modulus  of  the  core  is  the  important  parameter 
in  wrinkling.  Consequently,  two  different  materials  wore  selected 
for  the  core:  cellular  cellulose  acetate  (CCA)  of  approximately 
6 lbs,/cu*ft,  density  and  end  grain  balsa  (EGB)  of  approximately 
5 to  5*5  lbs,/cu*ft*  density.  For  all  cylinders,  the  face  material 
used  was  0.010  inch  24S-T3  aluminum  alloy. 

The  cylinders  used  in  this  investigation  were  manufactured  by 
Skydyne  Inc,  of  Port  Jervis,  New  York,  The  fabrication  details 
were  briefly  as  follows.  The  aluminum  alloy  faces  were  coated  with 
a metal  primer  prior  to  assembly  to  the  core.  The  core  was  planed 
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to  the  proper  thickness  end  a secondary  adhesive  was  used  to  bond 
the  faces  to  the  core.  Although  the  adhesive  used  will  polymerize 
at  room  temperature,  sufficient  heat  was  applied  to  accelerate 
setting  of  the  adhesive.  Pressure  necessary  to  bring  the  surfaces 
in  intimate  contact  was  applied  and  the  assembly  was  molded  for  a 
period  of  2 to  3 hours. 

To  facilitate  installation  of  the  test  specimen  in  the  loading 
jig,  two  inch  wide  hardwood  blocks  were  bonded  to  both  the  inside 
and  outside  faces  at  each  end  of  the  cylinder  (see  Figs.  1 and  3). 
Ihe  end  faces  of  these  blocks  were  then  turned  down  on  a lathe  to 
insure  planeness  of  the  face,  perpendicularity  with  the  axis  of  the 
cylinder  and  parallelism  of  the  faces. 

Test  Procedure 

The  pertinent  dimensions  of  each  specimen  were  determined  as 
follows.  Four  evenly  spaced  longitudinal  stations  were  lightly 
scribed  on  the  outside  wall  of  the  cylinder.  Ihe  outside  radius 
was  then  measured  to  the  nearest  0.01  inch  at  each  pair  of  stations 
at  both  ends.  The  length  of  the  cylinder  between  hardwood  blocks 
was  also  determined  at  each  station  to  the  nearest  0,01  inch. 

The  total  thickness  of  the  cylinder  wall  was  measured  at  each 
station  at  both  ends  just  inside  the  hardwood  blocks  and  at  the 
center  by  means  of  a special  dial  gage  with  a least  division  of 
0.001  inch.  The  thickness  of  the  faces  was  measured  with  a ten- 
thousandths  micrometer  on  samples  of  the  face  material.  The  average 
dimensions  for  each  cylinder  are  given  in  Table  1. 


Installation  of  the  specimens  in  the  specially  designed 
bending  loading  jig  was  accomplished  by  bolting  the  specimen  to 
the  steel  end  plates  through  the  hardwood  blocks  at  the  ends  of 
the  cylinder.  Ihe  loading  jig  is  shown  in  Fig.  1 with  a specimen 
installed  and  tested.  Load  was  applied  by  means  of  a hydraulic 
tension  jack  and  was  measured  by  a calibrated  strain  gage  tension 
link  at  the  jack  which  was  accurate  to  £ 2 percent# 

Physical  Property  Teste 

Uie  important  physical  properties  in  overall  bending  buckling 
of  sandwich  construction  are  the  compressive  stress-strain  char- 
acteristics of  the  face  material  and  the  shear  modulus  of  the  core 
material.  For  wrinkling,  the  important  properties  are  the  com- 
pressive elastic  moduli  in  each  of  the  three  planes  of  the  core  and 
the  face  characteristics. 

The  shear  moduli  of  the  core  materials  were  determined  by 
testing  as  simple  beans,  strips  of  flat  sandwich  construction. 

Hie  beams  were  fabricated  by  the  manufacturer  of  the  cylinders  of 
the  same  materials  and  in  the  sans  manner  as  the  cylinders  themselves, 
Ihe  test  consisted  of  obtaining  load-deflection  data  from  which  the 
shear  modulus  of  the  core  material  was  determined  from  the  difference 
in  deflection  between  the  experimental  value  and  that  computed  for 
the  bean  neglecting  shear  deflections,  FVom  at  least  four  tests 
of  each  core  material,  the  following  values  of  shear  modulus  were 
obtained : 

cellular  cellulose  acetates  G ■ 3400  psi  - 11% 
end  grain  balsas  G ■ 17,600  psi  - 15% 
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Ihe  conpressive  elastic  moduli  of  the  core  was  measured  on 
1”  x 2"  x 2"  blocks  of  core  material.  From  at  least  8 tests  in 
the  direction  perpendicular  to  the  faces  end  4 tests  in  the  other 
two  directions  the  values  of  elastic  conpressive  moduli  were  as 
follows : 

cellular  cellulose  acetate  (CCA): 

E„  * 10,500  psi  - 16$?  (perpendicular  to  faces) 
z 

E^  « 17,700  psi  i 18£  (extrusion  direction) 

Eg  “ 3,600  psi  - 25$  (transverse  to  extrusion  direction) 

sod,  grain  balsa  (ml ; 

« 86,000  psi  i 1256  (perpendicular  to  faces) 

E^  *=  14,400  psi  i 405S  (radial  direction) 

Eg  * 4,500  psi  - 20%  (circumferential  direction) 

It  is  to  be  noted  that  according  to  data  given  in  Ref,  1,  the 

value  of  Ez  of  86,000  psi  appears  to  be  considerably  lower  than 

given  therein.  However,  the  value  of  E obtained  did  correspond 

z 

to  that  given  for  quipo  wood  which  is  closely  related  to  balsa. 

In  addition,  the  material  tested  here  closely  followed  the  descrip- 
tion of  quip#  wood  given  in  Ref,  1 as  well  as  certain  other  strength 
characteristics.  Thus,  it  is  suspected  that  the  core  material  used 
in  the  sandwich  cylinders  was  actually  quipo  rather  than  balsa. 

The  with  grain  conpressive  stress-strain  characteristics  of  the 
0,010  in,  24S-T3  aluminum  alloy  used  for  the  faces  of  the  sandwich 
cylinders  was  determined  by  use  of  a solid  guide  compression  jig  of 
the  National  Bureau  of  Standards  type.  The  stress-strain  data  ore 
shown  in  Fig,  2, 
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Test  Results 


Average  neasured  dinensions  of  the  sandwich  cylinders  to- 
gether with  the  failing  loads  arc  given  in  Table  1.  Photographs 
! of  typical  buckle  patterns  taken  after  the  conclusion  of  the  tests 

are  shown  for  each  type  of  cylinder;  Fig,  3 shows  a typical  overall 
buckle  pattern  obtained  on  nost  of  the  l/S  in,  cylinders,  Fig,  4 
shows  a typical  wrinkle  for  the  1/2  in,  end  grain  balsa  cylinders 
and  Fig,  5 shows  a typical  wrinkle  for  the  l/2  in,  cellular  cellulose 
acetate  cylinders.  Additional  data  on  the  buckling  and  wrinkling 
patterns  ore  given  in  Table  2,  The  neasured  wavelengths  were  ob- 
tained in  regions  of  relatively  little  distortion, 
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Introductlon 

As  part  of  a program  involving  a theoretical  and  experimental 
study  of  the  buckling  behavior  of  sandwich  cylinders,  this  report 
is  concerned  with  buckling  tests  of  thin  and  thick  walled  sandwich 
cylinders  under  bending  loads.  Tests  were  conducted  on  cylinders 
constructed  with  cores  weak  in  shear  (cellular  cellulose  acetate) 
and  cores  strong  in  shear  (end  grain  balsa)  to  check  the  validity 
of  theoretical  procedures  for  predicting  overall  buckling  and 
wrinkling  of  sandwich  cylinders  under  bending  loads# 


TEST  PROGRAM 


Test  Specimens 

The  large  number  of  variables  which  influence  the  behavior 
of  a composite  element  such  as  sandwich  construction  require  that 
in  a test  program  attention  be  directed  toward  the  significant 
parameters  only.  Thus,  in  order  to  study  the  overall  buckling 
characteristics  of  sandwich  cylinders,  it  is  necessary  that  the 
sandwich  thickness  be  as  small  as  possible.  The  l/8  inch  thick 
sandwich  used  was  considered  to  be  the  minimum  thickness  feasible. 
To  study  the  wrinkling  behavior  of  cylinders  under  bending  loads 
a l/2  inch  thick  sandwich  was  used.  The  nominal  radius  of  6 inches 
which  was  used  for  all  cylinders  was  dictated  by  the  capacity  of 
the  testing  facilities.  To  ensure  uniformity  of  introduction  of 
bending  load,  the  cylinders  tested  were  36  inches  long. 

The  significant  parameter  In  overall  buckling  of  sandwich 
elements  is  the  shear  rigidity  of  the  core  material  whereas  the 
transverse  elastic  modulus  of  the  core  is  the  important  parameter 
in  wrinkling.  Consequently,  two  different  materials  wore  selected 
for  the  cores  cellular  cellulose  acetate  (CCA)  of  approximately 
6 lbs,/cu,ft,  density  and  end  grain  balsa  (EGB)  of  approximately 
5 to  5,5  lbs,/cu,ft,  density.  For  all  cylinders,  the  face  material 
used  was  0,010  inch  24S-T3  aluminum  alloy. 

The  cylinders  used  in  this  investigation  were  manufactured  by 
Skydyne  Inc,  of  Port  Jervis,  New  York,  The  fabrication  details 
were  briefly  as  follows.  The  aluminum  alloy  faces  were  coated  with 
a metal  primer  prior  to  assembly  to  the  core.  The  core  was  planed 
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to  the  proper  thletness  end  a secondary  adhesive  was  used  to  bond 
the  faces  to  the  core.  Although  the  adhesive  used  will  polymerize 
at  room  temperature,  sufficient  heat  was  applied  to  accelerate 
setting  of  the  adhesive.  Pressure  necessary  to  bring  the  surfaces 
in  intimate  contact  was  applied  and  the  assembly  was  molded  for  a 
period  of  2 to  3 hours. 

To  facilitate  installation  of  the  test  specimen  in  the  loading 
jig,  two  inch  wide  hardwood  blocks  were  bonded  to  both  the  inside 
and  outside  faces  at  each  end  of  the  cylinder  (see  Figs,  1 and  3), 
The  end  faces  of  these  blooks  were  then  turned  down  on  a lathe  to 
insure  planeness  of  the  face,  perpendicularity  with  the  axis  of  the 
cylinder  and  parallelism  of  the  faces. 

Test  Procedure 

The  pertinent  dimensions  of  each  specimen  were  determined  as 
follows.  Four  evenly  spaced  longitudinal  stations  were  lightly 
scribed  on  the  outside  wall  of  the  cylinder,  Ihe  outside  radius 
was  then  measured  to  the  nearest  0,01  inch  at  each  pair  of  stations 
at  both  ends,  Ihe  length  of  the  cylinder  between  hardwood  blocks 
was  also  determined  at  each  station  to  the  nearest  0,01  inch, 

Ihe  total  thickness  of  the  cylinder  wall  was  measured  at  each 
station  at  both  ends  just  inside  the  hardwood  blocks  and  at  the 
center  by  means  of  a special  dial  gage  with  a least  division  of,, 
0,001  inch.  The  thickness  of  the  faces  was  measured  with  a ten- 
thousandths  micrometer  on  samples  of  the  face  material,  Ihe  average 
dimensions  for  each  cylinder  are  given  in  Table  1* 


Installation  of  the  specimens  in  the  specially  designed 
bending  loading  jig  wa3  accomplished  by  bolting  the  specimen  to 
the  steel  end  plates  through  the  hardwood  blocks  at  the  ends  of 
the  cylinder.  Hie  loading  jig  is  shown  in  Fig.  1 with  a specimen 
installed  and  tested.  Load  was  applied  by  means  of  a hydraulic 
tension  jack  and  was  measured  by  a calibrated  strain  gage  tension 
link  at  the  jack  which  was  accurate  to  £ 2 percent. 

Physical  Property  Tests 

Hie  important  physical  properties  in  overall  bending  buckling 
of  sandwich  construction  ore  the  compressive  stress-strain  char- 
acteristics of  the  face  material  and  the  shear  modulus  of  the  core 
material.  For  wrinkling,  the  important  properties  are  the  com- 
pressive elastic  moduli  in  each  of  the  three  planes  of  the  core  and 
the  face  characteristics. 

Hie  shear  moduli  of  the  core  materials  were  determined  by 
testing  as  simple  beams,  strips  of  flat  sandwich  construction. 

Hie  beams  were  fabricated  by  the  manufacturer  of  the  cylinders  of 
the  sane  materials  and  in  the  same  manner  as  the  cylinders  themselves. 
Hie  test  consisted  of  obtaining  load-reflection  data  from  which  the 
shear  modulus  of  the  core  material  was  determined  from  the  difference 
in  deflection  between  the  experimental  value  and  that  computed  for 
the  bean  neglecting  shear  deflections.  From  at  least  four  tests 
of  each  core  material,  the  following  values  of  shear  modulus  were 
obtained : 

cellular  cellulose  acetate : G » 3400  psi  - 17% 

end  grain  balsa:  G « 17,600  psi  - 15 % 


The  conpressive  elastic  moduli  of  the  core  was  measured  on 
1”  x 2"  x 2”  blocks  of  core  material*  Rron  at  least  8 tests  in 
the  direction  perpendicular  to  the  faces  and  4 tests  in  the  other 
two  directions  the  values  of  elastic  conpressive  moduli  were  as 
follows: 

cellular  cellulose  acetate  (CCA): 

Ez  * 10,500  psi  i I6j6  (perpendicular  to  faces) 

E^  ■ 17,700  psi  I856  (extrusion  direction) 

Eg  * 3,600  psi  - 255S  (transverse  to  extrusion  direction) 
end  grain  balsa  (EGB): 

E * 86,000  psi  ^ 1256  (perpendicular  to  faces) 
z 

E^  ■ 14,400  psi  i 40$  (radial  direction) 

Eg  * 4,500  psi  - 20$  (circumferential  direction) 

It  is  to  be  noted  that  according  to  data  given  in  Ref*  1,  the 
value  of  Ez  of  86,000  psi  appears  to  be  considerably  lower  than 
given  therein.  However,  the  value  of  E obtained  did  correspond 
to  that  given  for  quipo  wood  which  is  closely  related  to  balsa. 

In  addition,  the  material  tested  here  closely  followed  the  descrip- 
tion of  quip#  wood  given  in  Ref,  1 as  well  as  certain  other  strength 
characteristics.  Thus,  it  is  suspected  that  the  core  material  used 
in  the  sandwich  cylinders  was  actually  quipo  rather  than  balsa. 

The  vith  grain  compressive  stress-strain  characteristics  of  the 
0,010  in,  24S-T3  aluminum  alloy  used  for  the  faces  of  the  sandwich 
cylinders  was  determined  by  use  of  a solid  guide  compression  jig  of 
the  National  Bureau  of  Standards  type.  The  stress-strain  data  ore 
shown  in  Fig,  2, 


Test  Results 


Average  neasured  dinensions  of  the  sandwich  cylinders  to- 
gether with  the  failing  loads  oro  given  in  Table  1*  Photographs 
of  typical  buckle  patterns  taken  after  the  conclusion  of  the  tests 
are  shown  for  each  type  of  cylinder}  Fig.  3 shows  a typical  overall 
buckle  pattern  obtained  on  most  of  the  l/B  in.  cylinders,  Fig,  4 
shows  a typical  wrinkle  for  the  1/2  in,  end  grain  balsa  cylinders 
and  Fig,  5 shows  a typical  winkle  for  the  1/2  in,  cellular  cellulose 
acetate  cylinders.  Additional  data  on  the  buckling  and  wrinkling 
patterns  are  given  in  Table  2,  The  measured  wavelengths  were  ob- 
tained in  regions  of  relatively  little  distortion. 


Average  Dinensions  and  Falling  Loads  of  Sgndvich  Cylinder 
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TABIE  2 

Data  on  Instability  Patterns 

Type  of  Longitudinal  Circumferential 

Cylinder Instability Location  Wavelength  Wavelength  _ 


-1 

1/8" 

CCA 

Buckle 

Centrd 

1" 

3" 

-2 

1/8” 

CCA 

Buckle 

Centrd 

1 

3 

-3 

1/8" 

CCA 

Buckle 

Centrd 

1 1/4 

3 1/2 

1/8" 

Antisynetrical 

7/L6 

CCA 

Wrinkle 

Both  ends 

7m 

1/2" 

Syne  tried 

1/2 

1 3/4 

-5 

CCA 

Wrinkle 
Syne  tried 

1M  frfcrt  end 

1/2" 

1/2 

1 3/4 

-6 

CCA 

Wrinkle 

1"  free  end 

-7 

1/8" 

EGB 

Buckle 

Centrd 

1 1/4 

3 1/2 

1/8" 

Antisyne  tried 

7/16 

-8 

EGB 

Wrinkle 

At  end 

TTR 

1/2" 

Syne  tried 

1/2 

2 1/2 

EGB 

Wrinkle 

Centrd 

-10 

1/2" 

EGB 

Central 

7A6 

2 1/2 

on  inside  face  of  cylinder  only,  on  outside  face  wavelength  equal  ttR, 
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Theoretical  work  on  buckling  of  a sandwich  cylinder  under 

bending  loads  Is  given  In  Ref*  2 for  the  cose  where  the  core  Is 

week  in  shear*  The  results  of  this  analysis  indicate  that  for 

this  cose,  the  buckling  load,  N . Is  equal  to  the  shear  rigidity 

cx* 

of  the  core  h G, 

The  l/8  in*  CCA  cylinders  fall  into  this  category  and,  there- 
fore, it  is  possible  to  check  the  theoretical  work  of  Ref,  2 directly. 
The  average  centroldal  height,  h,  of  cylinders  -1  to  -4  is  0*118 

- 6%  and  the  average  shear  nodulus  is  3400  psi  - 17$.  Therefore, 
the  average  shear  rigidity  of  this  group  of  cylinders  is  400  lbs*/in* 

- 23%  which  according  to  Ref*  2 is  the  theoretical  buckling  loading* 
The  average  experinentol  failing  loading  was  found  to  be  530  lbs. /in, 

- 33$,  Thus,  the  experinentol  failing  loading  is  32  percent  higher 
than  the  theoretical  value,  on  the  average* 

In  Ref*  3,  comparable  tests  were  run  on  sandwich  cylinders 
under  axial  conpressive  loads.  The  theory  of  Ref,  3 indicated  that 
the  buckling  loading  of  cylinders  weak  in  shear  is  also  equal  to  the 
shear  rigidity  of  the  core*  For  an  average  h ■ 0*115  in.  - 7%  and 
an  average  shear  nodulus  G ■ 2,000  psi  - 2056,  the  average  shear 
rigidity  was  230  lbs./in.  1 27$,  The  average  experinentol  failing 
load  of  eleven  1/8  in.  CCA  sandwich  cylinders  given  in  Ref*  3,  was 
235  lbs./in.  1 50$,  Thus  the  experinentol  failing  load  was  approxi- 
mately 2$  higher  than  the  theoretical  value,  on  the  average,  indl- 
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cating excellent  agreement, 

Die  foot  that  the  bending  budding  load  is  higher  than  the 
conpressive  buckling  load  for  cylinders  of  the  sane  dimensions 
has  been  observed  in  tests  on  homogeneous  cylinders*  It  has  been 
suggested  that  this  behavior  nay  be  due  to  the  buckling  phenomena 
responding  to  the  average  value  of  conpressive  stress  on  the  cross 
section  rather  than  the  naxinun  stress*  In  the  case  of  pure  bend- 
ing, the  naxinun  stress  would  be  1,4  times  as  great  as  the  average 
value* 

For  sandwich  cylinders  in  compression,  the  theory  of  Ref*  1 
indicate  that  value  of  the  parameter  Et/GR  governs  the  behavior 
of  the  cylinder*  Thus,  it  has  been  found  that  cylinders  can  be 
considered  weak  in  shear  when  the  value  of  Et/GR  exceeds  unity* 

To  effect  a comparison  between  the  cylinders  loaded  in  compression 
and  bending  which  were  differently  constructed  as  concerns  G and  R, 
it  appears  that  if  the  values  of  Et/GR  were  equal  or  at  least  greater 
than  unity  for  each  group,  a direct  comparison  would  be  valid. 

The  value  of  this  parameter  for  the  compression  specimens 
averaged  5 and  for  the  bending  specimens  Et/GR  * 5 also.  Thus, 
since  the  conpressive  test  data  checks  theory  very  well,  it  con  be 
concluded  that  in  bending  the  325?  higher  experimental  value  is  in 
agreenent  with  the  behavior  observed  for  homogeneous  cylinders, 
thus  accounting  for  the  discrepancy. 

Although  these  conclusions  are  based  on  data  with  which  large 
percentage  variations  ore  associated,  it  appears  that  the  trend  is 
clearly  indicated.  The  fact  that  the  scatter  of  the  experimental 
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values  is  considerably  higher  than  that  for  the  core  properties  is 
based  on  the  fact  that  the  latter  values  were  established  from  been 
bending  tests.  In  a bean  test,  the  results  ore  a statistical  aver- 
age of  the  core  properties,  whereas  a structure  subject  to  buckling 
responds  to  local  weak  spots  caused  by  defects  in  the  core  properties* 
Thus,  the  scatter  would  tend  to  be  greater  for  the  buckling  data. 

The  1/8  in.  end  grain  balsa  cylinders,  -7  and  -8,  can  be  con- 
sidered to  be  in  the  weak  in  shear  category,  since  for  this  groiqo, 
Et/GR  » 1*4.  These  cylinders,  therefore,  failed  at  a snail  fraction 
of  the  theoretical  load.  This  is  evidenced  by  the  fact  that  the 
average  failing  loading  of  this  group  was  452  lbs  ./in.  as  conpared 
to  530  lbs. /in.  for  the  1/8  in.  CCA  cylinders,  although  the  shear 
nodulus  of  the  EGB  cora.vas  over  five  tines  as  great  as  the  CCA  core. 
The  fact  that  the  EGB  cylinders  were  not  even  as  strong  as  the  CCA 
cylinders  is  difficult  to  reconcile  with  the  core  properties.  Unless 
some  other  node  of  buckling  is  responsible  for  this  anomalous  be- 
havior, it  appears  that  poor  bonding  to  the  EGB  core  nay  be  respon- 
sible for  the  seemingly  low  values  of  failing  loading. 

Thick  Wall  Cylinders 

The  1/2  in.  thick  wall  cylinders  in  this  group  were  specimens 
-5,  -6,  -9  and  -10,  which  all  exhibited  a syne  trie al  wrinkling 
pattern  at  failure  as  shown  in  Figs.  4 and  5.  The  theory  for  wrink- 
ling of  sandwich  cylinders  has  been  discussed  at  length  in  Rsf*  4 
from  which  it  was  concluded  that  the  formula  for  wrinkling  is  given  by 
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<J  - 0.65 (EE2) 1/3  (1) 

cr 

_ . Ev  + E 1/4 

where  E * E (-■$■  a— ^ — ) (2) 

and  the  wavelength  of  the  wrinkle 

Lx  - 4(E/f)l/3  t (3) 

By  use  of  Eqs.  (1)  to  (3)  and  the  material  properties  listed 
in  this  report,  the  following  values  were  obtained  based  on  an 
elastic  modulus  for  the  faces  of  E = 10.5  x 10^  psi: 
cellular  cellulose  acetate  cylinders: 

a = 68,000  psi 
cr  * y 

Lx  « 0.42  in. 

end  grain  balsa  cylinders: 

a ■ 192,000  psi. 

cr 

Lx  - 0.25  in. 

It  Is  apparent  without  even  correcting  the  above  values  for 
the  effects  of  plasticity,  that  the  experimental  values  of  mxinun 
failing  stress  are  considerably  below  the  predicted  values*  Also 
the  predicted  wavelengths  are  somewhat  loss  than  the  observed  values. 

Although  it  is  possible  that  the  discrepancy  in  wrinkling 
stress  may  be  due  to  non-linearities  in  the  behavior  of  the  cylinder, 
this  effect  can  in  all  probability  be  ruled  out  on  the  basis  that 
the  R/t  of  the  faces  is  quite  largo  and  also  that  the  wrinkling 
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stresses  of  the  GCA  cylinders  and  ECS  cylinders  were  substantially 
the  sons.  Since  the  predicted  value  of  wrinkling  stress  for  the 
EGB  cylinders  is  three  tines  as  great  as  that  of  the  CCA  cylinders, 
it  appears  that  sons  other  cause  is  responsible  for  the  apparently 
poor  performance  of  the  thick-smiled  cylinders.  One  is  tenpted 
to  attribute  this  behavior  to  poor  bonding  of  the  faces  to  the  core, 
a difficulty  frequently  net  in  testing  of  sandwich  structures. 

A direct  conp orison  between  the  behavior  of  l/2  in.  EGB 
cylinders  in  bending  with  that  in  compression  is  afforded  by  the 
test  data  of  Ref.  4.  The  cylinders  tested  in  compression  were  con- 
structed using  the  sane  density  core  and  face  material  and  thickness 
as  for  the  group  in  bending.  The  average  wrinkling  stress  of  the 
cylinders  which  failed  under  compressive  loading  was  27,650  psi, 
while  in  bonding  the  failing  stress  was  33,250  psi.  Thus,  the 
bending  wrinkling  stress  was  1.20  times  as  great  as  that  in  com- 
pression, confirming  the  trend  previously  discussed. 
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